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(57) Abstract 

The object of the invention is a method for detection of foreign matter contents in gas, in which method the gas is led to a flow 
channel (I), in which the gas is filtered and heated, whereafter the gas is led to the measuring cells (3). The invention is characterized in 
that for the analyzing of the gas is used at least one ionization cell and at least one semiconductor cell (3, 6) arranged in parallel or in 
sequence. 
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METHOD AND EQUIPMENT TOR DEFINITION OF FOREIGN MATTER CON 
TENTS IN GASES 

The invention relates to a method and equipment for defini- 
5 tion of foreign matter contents in gas. 

Foreign matters are analyzed and their contents are defined 
to control the quality of the breathing air. When defining 
from the gas certain toxic components which are toxic al- 
io ready in relatively small quantities , other air components 
may disturb the detection. The contents of different sub- 
stances rapidly and reliably in the air, like carbon diox- 
ide, may vary. The detection of different molecules or 
molecule groups performed from gases in general r from 
15 vapor originating from evaporated solid material or liquf d 
matters is often connected with problems. The detection i_ 
especially toxic agents in the air, nerve gases diffused in 
the breathing air, has been a problem due to their small 
contents. The detections should be made already in a few 
20 seconds. The most efficient nerve gases should be detected 
already at contents of 1/100 ppm. 

The most sensitive analysis devices are based on air ioniza- 
tion, e.g. by alpha- or beta radiation and by measuring the 

25 ions in different circumstances. In one method che ions so 
formed are put to migrate through a particular abyrinth and 
the remaining ions are measured based on the cuxrent they 
cause. Another method analyzes the mobility of the formed 
ions through certain lattices and finally measures the ion 

30 current. These two methods generally detect very heavy 
molecules from the air, like most of the combat gases. In 
one method the ionized molecules are led through chambers 
having different electric fields, after which the current is 
detected from the measuring electrodes, by which the quality 

35 and quantity of the foreign matter molecules are identified. 



Such a quick and reliable method is presented in the FI- 
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patent 75055. To define the foreign matter contents in the 
gas in this method, the gas and its components are ionized 
in the ionization zone. They are led into a narrow analyzer 
channel, in which they due to the capillary effect have to 
5 pass in the middle of the channel. From there they are 

further deflected by electric fields causing unequal voltag- 
es to the electrode in the channel border, producing there 
the ion current. By the current spectrum based on ion cur- 
rents, the different substances are identified and the ion 

10 contents in the gas is defined by comparing them to corre- 
sponding spectra obtained from standard samples of the 
different agents. A solution has also been disclosed, in 
which the ions contained in the gas are, before measuring, 
separated in a separator into positive and negative ions, of 

15 which the other ones are analyzed. 

The DE-patent publication 2028805 discloses a method for 
detecting trace vapors, which undergo ion-molecule reactions 
and for separating, concentrating and measuring of molecular 

20 quantities of trace substances in gaseous samples. In an 
electric field essentially parallel to the gas stream be- 
tween two electrodes arranged in a detecting chamber, the 
detection and measurement is accomplished by utilizing the 
difference in velocity or drift time of ions of different 

25 mass in the electric field applied to the gas stream. The 
electric field causes the primary ions to migrate towards a 
plurality of ion gates provided rectangular to the gas 
stream and in parallel between the electrodes, during which 
the primary ions react with molecules of a gas to be detect- 

30 ed, converting the molecules to secondary or product ions, 
thereby measuring and classifying the ions according to the 
particular mass. 

From the EP-publication 21518 is known a method similar to 
35 the one above for detecting trace quantities of chemical 
species defined in a gaseous mixture by ionizing a propor- 
tion of the molecules and leading these gas molecules 
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through an electric field which is arranged in the above 
manner in a detecting chamber. 

The CH-publication 550 399 discloses an air pollution mea- 
5 suring equipment comprising a first and a second air capaci- 
tor each having a suitable length through which ionized air 
containing pollution flows laminarily at a constant veloci- 
ty. The capacitors may have planar or cylindrical electrodes 
and may comprise two or more electrodes. In order to provide 

10 different electric fields for generating a first and second 
varying measurement signal as a function of a small and 
large positive ion concentration in the air stream generated 
by means of an exhaust fan, the electrodes of the capacitors 
are supplied with different voltages. The output signals 

15 measured via the electrodes of the capacitors are applied to 
the inputs of dividing and summing circuit means , the output 
of which provide a final output signal which constitutes a 
measure of air pollution. 

20 The method and the equipment according to the invention pro- 
vide a decisive improvement of the above presented methods. 
The implementation of this with the method and equipment 
according to the invention is mainly characterized in what 
is presented in claims 1 and 5. 

25 

One of the most important advantages of the invention is 
that the inaccuracy of the analysis due to gas or air mois- 
ture can be eliminated. The reliability of the analysis is 
improved. The sensitivity is great and the response time is 
30 short. Other organic substances or solvents or tobacco smoke 
do not disturb the foreign matter analysis. 

In the following the invention is described with reference 
to the enclosed drawings, in which: 

35 

Fig. 1 presents a diagram of the measuring equipment of the 
subject invention. 
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Fig. 2 presents a diagram of another implementation form of 
the equipment. 

Pig. 1 presents the equipment according to the invention. 
5 The gas to be analyzed is sucked into tube 1, filtered with 
the heatable filter 2 and led into the ionization cell 3, of 
which can as such be provided several in parallel or in 
sequence, and which can either be according to the FI patent 
75055 or any gas ionization based gas analysis device, 
10 whereafter the gas is led to, the semiconductor cell r which 
can be several in parallel or in sequence. 

An alternative solution is to place according to fig^ 2., the 
ionization cells and the semiconductor cells parallel in the 
15 gas flow, so that the gas is distributed to be analyzed to 
both cells /battery. 

The semiconductor cell can in the solution be any gas sensor 
based on the reaction between the semiconductor surface and 

20 the gas, which as such is based on the known technique. In 
the equipment according to the invention the signals of all 
measuring cells are utilized simultaneously for the perfor- 
mance of the gas analysis for calculations and other conclu- 
sions for improved separation of gases from each other in 

25 different circumstances. 

The gas is e.g. charged by the radiation transmitted from 
the alpha- or beta radiation source 4. The gas is led to a 
measuring tube 5. In the collection field the field elec- 

30 trodes have the voltage V lf V 2 ....V n . The back-plate voltage 
is V T . In the collection field, the light ions charged in the 
gas, are collected into the field electrodes V n . In the 
measuring chamber the further advanced remaining heavy ions 
cause an ion current I n to the electrodes in the chamber 

35 border, which is registered. From each value I n , in which n 
is an integer, e.g. 1-6, is formed a diagram, the form of 
which depicts the substance to be analyzed. Normally the 
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electric field of the ionization cell is stronger in the 
beginning of the chamber and weaker in the collecting zone. 

The gas is led further to the semiconductor cell 6, formed 
5 of e.g. a tin dioxide (Sn0 2 ) crystal. By changing the doping r a 
sensitive analyzing device can be obtained for different 
substances , e.g. for mustard gas. The signals obtained by 
the above method and the semiconductor cells are gathered 
together and analyzed together in e.g. a data processor 7. 
10 The gas analyzed by the semiconductor cell together , is 
preferably such a gas, which analyzed as moist, does not 
give a signal with the above mentioned ionization method but 
only when measured by the semiconductor cell. An example of 
such a gas is the mustard gas. 

15 

The tests for the gas streams having hazardous matter in it 
have been carried out in different humidities with both the 
ionization cell and the semiconductor cell mounted sequen- 
tially or parallel to each other. The relative humidities 
20 were 10, 50 and 90 %. The gas stream was conducted through 
the channel by a pump. In the table, A .irresponds ioniza- 
tion cell and B semiconductor cell, respectively. 

The following table shows the results of the tests. 

25 

Device Concentration Humidity Response time 
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the ionization and semiconductor cell at low concentrations 
and at all the relative humidities and especially at the 
moderate or larger humidities. 

5 The invention has been described with reference to only one 
of its favorable forms of implementation. The solutions 
presented above and in the drawings are only examples , and 
the invention is not to be considered as so limited, but all 
modifications within the scope of the inventive idea are 
10 naturally possible. 
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CLAIMS 

1. A method for detection of foreign matter contents in 
gases in which the gas stream is ionized at the ionizing 
5 zone, 

ionized gases and materials contained in the gas stream are 
led through at least one chamber having different electric 
fields the fields being transverse to the gas stream, so 
10 that at least some ions are removed in the collecting zone 
in the beginning of the chamber, 

the electric currents of the ions reaching the measuring 
zone are measured in the electric field , 

15 

receiving the signals and on the basis of the amount and 
relationship of said signals corresponding to the measured 
electric currents an analysis of the foreign matter in the 
gases is provided, 
20 characterized in that conducting the analyzing gas stream 
into at least one ionization cell and at least one semicon- 
ductor cell arranged in parallel and/or in sequence to each 
other . 

25 2. A method for detection of foreign matter contents in gas, 
in which the gas is led to a flow channel, in which the gas 
is filtered and heated, whereafter the gas is led to measur- 
ing cells, characterized in that for the analyzing the 
gas is conducted to at least one ionization cell and at 

30 least one semiconductor cell arranged in parallel and/or in 
sequence. 

3 . A method according to claim 1 or 2 , characterized in 
that for the analyzing of the gas in different circumstances 
35 the signals of the ionization cells and semiconductor cells 
arranged in parallel or in sequence are utilized simulta- 
neously. 
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4. A method according to one or more of the above claims, 
characterized in that the gas is charged and led to a flow 
channel, the light ions of the gas are removed in the col- 
lection field, and the field currents caused by the heavy 

5 ions of the gas are registered. 

5. A method according to one or more of the above claims, 
characterized in that the same gas is further led to the 
semiconductor cell to detect the presence of some particular 

10 substance. 

6. An equipment for detection of foreign matter contents in 

flow channel for leadinq 
gas to the same, gas filtering and heating devices and 
15 measuring cells, characterized in that the measuring 
cells used for the gas analysis comprise at least one ion- 
ization cell and at least one semiconductor cell arranged in 
parallel or in sequence. 
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